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IITTRODUCTION 
Heretofore, inrorovement in flax has been oased 
largely on yield and on disease resistance, especially 
resistance to wilt. Reasonable advances in attaining 
these qualities have already been accomplished so that the 
next problem is to improve the yield of the oil and its dry­
ing qualities. Flaxseed is purchased primarily for the oil 
it contains, which represents from two-thirds to three-
foxirths of the value of the manufactured products. Methods 
of oil determination have already been established which, 
when adopted for commercial purposes, will put a premium 
on the quantity and quality of the oil present in any 
market sample. A recognition of quality on the official 
inspection certificate Yrould be an added incentive to the 
farmer and would create a demand for varieties of flax of 
high quality. 
Yellow-seeded varieties of flax have been observed 
to be high in quality. A variety of the yellow seeded type 
would appear to have other advantages over the more common 
brown seeded varieties, viz., in the production of a lighter 
coloured oil cake and especially of a lighter coloured oil. 
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In a flax improvement program it is necessary 
to have an intimate knowledge of the manner in which 
these characters are inherited and their relation to one 
another. This project v/as initiated as the result of a 
survey of the oil content and iodine number of the flax 
varieties being grown in Canada. A summary of the data 
for a five-year period is herein presented. Certain 
varieties v;ere chosen to demonstrate the mode of inheri­
tance of these characters. 
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LirEUATUHB RB7IS\f 
Studies on Flax 
Inheritance of characters in flax previously 
studied and reviewed "by Tainmes (21, 22) demonstrated 
the existence of three "basic factors for pink petal 
colour* Bjf B2 and The factor D» a;cting in the 
presence of these three genes, produces a lileuj colour, 
'iKhile Ft in addition, changes the tint to a light blue. 
Tazmnes found tvro other genes, A and E, which determine 
the intensity, whilst a factor K controls the distribu­
tion of colour over the petal. 
Colour of anthers was found to depend somewhat 
on the factors for petal colour. The presence of the 
factors Bj, B2 and I and another factor H were necessary 
for blue colour* If any of these factors is laclcing 
the colour is yellow. 
Tammes also studied the inheritance of petal 
3hape» Her data indicated that the factors B^* B^ and 
D influence this character. Ci produces the narrow, 
crimped petal but not when B^ and B2 are both present or 
in the presence of S. 
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Sh£ars Saihn and Alam (20) find the factor D 
produces a faint "blue tinge in the absence of B and 
therefore vould not consider B a hasal factor for 
colour. Criarped petals are found in the presence of 
D and E and not in the presence of D as indicated hy 
Tannnes. They conclude crimped petals are caused "by the 
interaction of the factors C» D and E only -when B is 
absent. In the presence of B or when any one of the 
3 factors C» D and E is absentf we get non-crimped 
petals. 
Since the completion of the present study 
lyers (l8) has published data from a cross of Ottawa 
77OB with Bedwing. Ihite petal colour behaved as a 
simple llendelian recessive to blue» 
Seed colour Tammes found to be affected by some 
of the factors which also determine flower colour* A 
basal factor G produces colour in the seed. In the 
presence of Bi and D a series of colours from light 
yellow, through brownish yellow to dark brown, axe 
produced. If factor Bi is lacking the series is similar 
except that all shades have a greenish tint. If D or 
both and D are lacking, the colour of this series is 
greyish brown instead of chestnut. Shaw et al (20) do 
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not agree with Tamznes in asstuoing that no colour in the 
seed coat is produced unless a basal factor G is present. 
They find a fasra colour is produced by H in the presence 
of D when G is absent* In the presence of G this fawn 
colour changes to brovn. In the absence of 1} and the 
presence of G, seed coat colour is grey regardless of the 
presence or absence of An intensifying factor X is also 
present in some crosses. 
Tammea (21) noted differences in the size of seeds 
and found that though these may be slight they are heredi­
tary. In studying the inheritance of length and width of 
seed in a number of crosses she found the nearly interme­
diate in each case. The population had a wider range in 
length of seed but was still intermediate in type. She 
states that probably Z, ^  or A- factors were involved. Myers 
(l8) was unable to determine the number of factors, although 
segregates of both parental types were obtained among 359 
P2 plants. A correlation coefficient of .684 was obtained 
between weight per ^0 seeds of the P2 Plants and mean weight 
of their 13 progeny, large seed size was partially dominant 
over small. Ho llnlcage could be demonstrated between seed 
size genes and the genes responsible for petal colour and 
cilia on the false septa. 
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Hany esorly investigators have made observations on 
the relation of various characters to the composition of 
flaxseed. Byre smd Pisher (8) observed that in practically 
all cases an increase in oil content accos^anied an increase 
in size of the seed. Rabak (19) and Blrchard (l) laade 
similar observations. Coleaan and Fellows (4) in a more 
extensive stixdy considered test weight per bushel, moisture 
percentage, damaged flaxseed, foreign material, colour and 
size of the seed. They found no close relationship between 
the test weight per bushel and oil content. Oil content was 
found to increase gradually as the kernels grew lau:ger. It 
was pointed out, however, that this relationship is not 
specific and that small plui!^ seeds often contain as great 
a percentage of oil as a sample containing very large 
kernels. S^o relationship was foxind between depth of seed 
colour and oil content. 
More recently Johnson (14) in a statistical study 
has found significant simple correlations between the oil 
content and weight of 1000 kernels, date ripe and number of 
days from full bloom to maturity. A high multiple correla­
tion between percentage of oil with weight of 1000 seeds, 
date ripe, and number of days from full bloom to maturity, 
ixas taken to indicate that the total effect of these charac­
ters determines to a considerable extent the percentage of oil. 
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significant inter-annual correlations of oil content* seed 
weight, date ripe and the period from full hlooia to maturity 
indicate that these characters are relatively constant in 
their inheritance* A low multiple correlation of iodine 
number with seed size, date ripe» and nisober of days fraa 
full bloom to matxarity, suggests that iodine niimber is 
inherited independently of the plant and seed characters 
studied* 
Geddea and Lehberg 1936 (11) studied the relation 
between weight per measured bushel, weight per thousand 
kernels and oil content of comercial samples taken from 
cars being graded in the Winnipeg Inspection Division. They 
found weight per 1000 kernels to be positively correlated 
with oil content and weight per measured bushel. However, 
the degree of association is not sufficiently high to permit 
a satisfactory prediction of oil content from size of seed* 
Test weight per bushel was of little significsince as an index 
of oil content* 
Other investigators have not agreed with these 
studies on the relation of size of seed to «il content* 
Leather (l6) analyzed san^les of flaxseed collected from 
severatl provinces in India and concluded there was no rela­
tion between size of seed and oil content* More recently 
Srmakov (6) used a technique in nhich individual seeds were 
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analyzed. The correlations ohaerTed •were occasionally 
negative and in seeds giving the same oil content one was 
often twice the weight of the other and vice versa. These 
differences were ascribed to the geneticaJ. nature of the 
different seeds. 
The drying quality» or iodine number has he en 
studied in relation to oil content and certain agronomic 
characters. Johnson (14) found a significant negative 
correlation of -.309 "between iodine number and weight per 
1000 seeds. Dillman (5) hsis reported the work of Arny who 
investigated the inheritance of iodine number in crosses of 
Bison» with low iodine number^ Ottawa 770B medium* and Pale 
Blue and Ottawa 8^C high. Low iodine number appeared to be 
dominant. Izi backcrosses with parents of medium or high 
iodise ntimber a ratio of approximately 1:1 was obtained. 
Yellofw seed coat appeared to be linked with high or medium 
iodine number. 
Belated Studies in Other Oil Bearing Seeds 
As long ago as 1896 an experiment was begun at the 
Illinois Agricultural Sscperiment station to determine whether 
the chemical cos^osition of corn could be influenced by 
selection (25). After twenty-eight years of continuous 
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aelection for and low oil» and high and lor protein 
content, four types were produced which were distinctly-
different in their ccmpoaition* The high oil and high 
protein strains showed a proportional increase of 109,79 
percent and 50*01 percent respectively. The low oil and 
lo» protein strains showed a proportional decrease of 67*87 
percent and 23*26 percent respectively. Selection was more 
effective in bringing a change in oil content than in 
protein content* It was suggested that the primary materials 
from which fat is manufactinred, naunely, carlson dioxide and 
water, are usually furnished to the plant in unlimited supply# 
Ttiaile the formation of protein is essentially dependent upon 
the supply of available nitrogen in the soil* 
ICore closely related to that of flax, a self-
pollinated crop, is the experimental study with the soybean* 
Xa. e^eriment similar to that with corn was started with the 
Bbony variety of soybean by Woodworth (26) in 1914-* The 
results in general show conclusively that selection within 
pure lines has no effect, either in the high or low direct­
ion* Hybrids between the high and low lines were made and 
the hybrids were found to be intermediate. In no 
segregates were higher or lower in oil content than the 
parents. Ho atteinpt was made to estimate the nuniber of genes 
which were responsible for the difference between the high 
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and lov strains* 
An e^qperiment vas started at the Visconsin station 
in 1912 by Cole, Lindstrom 2Uid •oodworth (3) to determine 
-Khether any progress could be oade in selection vithin pure 
lines for the quality of the oil. In succeeding generations 
lines from the highest analyzing plant of the high line and 
the lowest analyzing plant of the low line were selected for 
seven years. An average of the last three years* data shows 
an iodine value of the high line of 133*7 and for the low 
line of 134.9. Little or no interrelation was found between 
quality and quantity of oil. Correlation coefficients for 
these characters taloen over a period of years showed a high 
degree of variability but no consistent relationship. 
Indirect evidence and some experimental data indicated that 
high quality was correlated with late maturity. Their data 
indicate that genotypes were isolated for oil characteristics» 
habit and period of growth and flour colour. Srmakov (6) 
criticizes this study in that the degree of vairiability of 
the iodine number was not known before selection was applied. 
Kore recently increased interest has been shown in 
the oil content of sunflowers, ground nut, and numerous 
other plants ^diich have possibilities for oil purposes* 
Snnakov (6) states that Hildebrandt has obtained a correla­
tion as high as 0.66 ± 0.07 between oil content and colour of 
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seed in seaaxmim* Sxmalcov found it possilsle to eliminate 
lines of lov oil content in sunflowers with improved methods 
of technic* "but observed no relation 'between colour of seed 
and oil content# The colour of sunflower oil has "been foxind 
to be due to a carotenoid pigment* Hore recently Srmakov 
et al (7) have studied the intergeneric and interspecific 
differences in oil content of lupin seeds* A wide variation 
in oil content was foimd in this material. 
15' 
EXEBRBIBHTAI. 
Kethod of Procednre 
Since scarcely any Information was available 
regarding the oil content and quality of flax varieties 
groTOi in Canada, a sxirvey of the varieties grorcn at the 
Central Experimental Farm, Ottawa, Canada, was "begun with 
the 1929 crop, and continiaed during the years 193l-193^» 
Included in this test -were a few fibre types, a number of 
foreign and domestic linseed varieties and selections 
grown in replicated rod-row trials. 
Characters studied with the percentage of oil 
and the iodine number included height of plant, weight per 
1000 kernels, weight per measured bushel, date of maturity, 
length of period frcm full bloom to maturity and yield. 
Twenty-one lines were continued throughout the duration of 
this survey so that inter-annual correlations were possible* 
Tfeight per 1000 kernels was determined by counting 
seeds at random in duplicate, and weighed to ± 0*1 gms* 
¥ei^t per bushel was determined in duplicate using a 
1 gill cup and the seed weighed with a weight per bushel 
balance* 
-l6-
Covariaace studies witli the al5ove characters for 
the twenty-one varieties over the five-year period -were 
made in accordance izith the methods outlined "by Fisher (10). 
Hybridization studies were begun in 1933• 
Varieties on which some data on the oil content and iodine 
number were available as ascertained from the varietal 
sizrvey were used* Although several combinations were made^ 
only two* viz*, Ottawa 770B X Cyprus, and Ottawa 770B X Buda 
have been studied in detail. They form the basis of this 
study. The description of these varieties follows 
Cyprus C.A.IT* 2110* is short strawed type having a 
blue flower, medium broad petal and flowers rather flat. The 
anther89 filament, stigma and style axe blue. The seed is 
brown and very large, averaging 9*2 gms. per 1000 iBrnels. 
In maturity it is medium, blossoming very early and having a 
long period from blossoming to maturity. The oil content 
averages 39*6 percent, and the iodine number 170. 
Buda C»A.]9^» ^04 has a smaller, somewhat lighter 
blue, tubular to funnel-form flower. The anthers are blue 
with light blue filaments. The style is deep blue with a 
mstuve to purple stigma. The seeds are brown and very small. 
C^*A.ir. = Canadian Accession Sumber. 
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averaging 4.1 grams per 1000 Icernels. Tlie oil content over 
a five year period averaged 38*1 percent and the iodine number 
I86.2. 
Ottawa 77OB C.A»ir» 21^2. has a white flower with a 
narrow petal which is crimpedi with the edges curved upwards. 
The anthers are yello®, the filament and stigma are white, 
the style "being light yellow at the "base and white at the tip. 
The seeds are greenish-yellow, of medium size, averaging 6.0 
grams per 1000 kernels. In maturity it is very late. The 
oil content averages 41.2 percent and iodine numher l87^7« 
Crosses of 770B X Cyprus, and 770B Z Buda were made 
in the field during the summer of 1933 and the Pi generation 
was grown in the greenhouse during the winter of 1933-34-# The 
P2 was grown in the field in 1934* Individual F2 plants were 
tagged and notes taken on the shape and aolour of the floral 
parts. The plants were pulled when mature and taken to the 
laboratory where each plant was examined as to height and 
colour of seed. The third generation was grown in the field 
during the season of 193^* Forty-eight seeds of each line 
chosen were seeded in 2 rows, each 4 feet long. Fifty lines 
of each psirent variety were seeded in a similar maziner in 
alternate plots. The lines were pulled and dried in the 
drying "bam after which they were examined Euad threshed. Each 
sample was hand-picked "before taking weight per thousand 
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kernels £uxd an oil analysis* 
In the oil analysis hoth the ethyl ether extraction 
method and the ia:5>roTed refrac tome trie method as described hy 
Geddes and lehberg (12) were used* A 20-25 gm» sample ground 
in a Hohart Model "burr mill with a setting of from 5*0 - 5»5» 
was dried over night in the Tausuum oven at 98 - 100® C»» at a 
pressure not exceeding 25 m.m* mercury* Duplicate saraples of 
this ptxlp were extracted for 16 hours with anhydrous alcohol-
free and peroxide-free ethyl ether in a Soxhlet extractor, 
using iRiatnan double thickness extraction thimbles snd a 
siphoning rate of 1 per minute, on an electrically heated 
water bath* The ether extract was filtered through a sintered 
glass filter and transferred directly to a tared 125 c*c* 
Erlenmeyer flask by suction, the extraction flask being washed 
three times with fresh solvent. Sxcess ether was distilled 
off on a water bath maintained at approximately 70° C*, the 
extract dried in vacuo for 3 hours at 98° - 100® c., and the 
oil content confuted to a dry matter basis* 
A second lot of dried material consisting of 2 gms* 
in duplicate was triturated 1 minute with 1 gm* fine sand in 
a 3 inch mortar previously heated to 70° C* and 1 minute with 
4 c*c* of a solvent consisting of approximately ^0% by volume 
of bromnaphthsLlene and halowax adjusted to a refractive index 
of 1*64461 at 25® C* The mixture was filtered through a 70 
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m»m* folded Prat-Domas filter paper and the filtrate collected 
in a test tube. After cooling to room temperature the 
refractive index of the filtrate was determined by placing 
a drop on the prism of the refractoaneter which was held at 
25® C. 
A sample of ground, undried flax pulp waa placed in 
the pressing cylinder of a Carver laboratory Press and subject­
ed to a pressure of approximately l6fOOO lbs. to the square 
inch. After 10 - 15 minutes the oil was removed from the press 
and the refractive index taien as above. The iodine number 
was determined on cold pressed oil and that from the ethyl 
ether extraction also by the Vijs method. 
Studies in the Grain Be search Laboratory have shown 
a very close relationship between the refractive index of the 
cold pressed untreated linseed oil and the ¥ijs iodine value. 
Data from a l^ge number of samples covering many different 
varieties and types of flax have given a correlation coeffi­
cient of .980. In the work on this problem the correlation 
coefficients between *scale readings* and ¥ijs iodine number 
for the varieties 770B, Cyprus and the hybrid progeny were 
-•759» -.665 and -.897 respectively. Althoxigh only twenty-five 
samples of each parent were analyzed the relationship in each 
case is hi^ly aignificeuat. The iodine walue of the Cyprus 
parent ranged from 152.6 to I67.O which is considerably lower 
20-
than normally found in the oil from ccomion flsoc* The minimum 
iodine value (Qetnus method) in the specifications put forward 
by the TJ*S*A. Inter-departmentsd Committee on paint specifi­
cations 1919 (17) 170 for raw linseed oil* The low 
refractive index of the oil of Cyprus and some of the low 
quality hybrids appeared to have a significant influence on 
the refractive index in the solvent method for estimating oil 
content. The correlation coefficient in this group is #471 
compared to *977 "the original study "by Geddes and lehiberg 
(12). Due to the time required for making quality tests by 
the ¥ijs iodine method the refractive index only was run on 
samples of Buda and the hybrids of Buda X Ottawa 770B» 
Colour intensity was studied spectrophotometrically 
by a modification of the method for flour outlined by Geddes> 
Binnington and fhiteside (13)* Four grams of iindried flax­
seed pulp, on a dry basis, were weighed into two 150 c.c. 
glass stoppered bottles to which were added, from a pipette, 
100 c»c* of a mixture of 93 parts by volume of a petroleum 
distillate, known comercially as tarnish makers* naptha, 
with 7 parts by volume of absolute ethyl alcohol. The bottle 
was shaken for two hours in a mechanical shaker and the 
supernatant liquid decanted into 100 c.c. lipless centrifuge 
tubesy closed with a rubber cap and centrifuged at approxi­
mately 2000 r.p.m. for 3^ minutes. The clear extract was 
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siphoned off with a capillary bore siphon, the shorter end 
of •arhich is "bent upwards and the transmittency determined 
in a 10 c.m. cell at a wave length of 435.8® Angstrom units, 
using the msrcury axe* 
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Statistical Survey of Varieties 
The relation of plant and seed characters to 
quantity and quality of the oil -was studied by analysis of 
variance and covariance. Such characters of a variety, or 
selection, as size of seed, height of plant, maturity and 
yield, may be expected to influence to some extent the 
composition of the seed. 
An analysis of variance of oil content, iodine 
number and size of seed, of those varieties and strains of 
flax TThich were tested throughout a five year period is 
given in table 1. l^ ile these twenty-one lines include a 
fair sample of the leading varieties of flax, five years is 
not quite as representative of the seasons as might be 
desirable. It will be noted in this table that there is 
a significant variation as shovm by the F value for each 
character studied. This would indicate that season as well 
as variety has a significant influence on the oil content, 
iodine number and size of seed. 
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Table 1. Analysis of variance of oil content in percent, 
iodine numtier and weight per thousand kernels 
in grams. 
OIL GONTSl^ T 
Source 
of 
variation 
Degrees 
of 
freedom 
S-um of 
squares 
Mean 
square F value* \ia point 
Total 104 450.461 4.331 4.6 1.47 
Between 
years 4 102.619 25.655 27.1 3.56 
Between 
varieties 20 272.073 13.604 14.4 2.03 
Remainder 80 75.769 
lODIlffi 
.947 
NUMBER 
Total 104 4803.970 46.192 3.8 
Between 
years 4 2161.362 540.340 44.9 
Between 
varieties 20 1780.190 890.095 74.0 
Remainder 80 962.418 12.030 
SIZE OF SEED 
Total 104 175.249 1.685 9.7 
Between 
years 4 9.602 2.401 13.9 
Between 
varieties 20 151.821 75.911 43.9 
Remainder 80 13.825 .173 
"Calculated according to G. 77. Snedecor "Calculation and 
interpretation of analysis of variance and covariance". 
Collegiate Press Inc. Ames, Iowa, 1934. 
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Tlie first relationship v;e may consider is that of 
quality of oil to the quantity produced. This relation of 
quality or iodine number to the percent of oil in the seed 
is shown in table 2, The high negative correlation betv;een 
oil content and iodine nimber for varieties v/ould indicate 
that varieties which yielded a good quantity of oil might be 
expected to yield oil of poor quality, Eov;ever, the partial 
correlations of the fourth order given in table 5 measure 
this same relationship betv/een oil content and iodine nimber 
and certain other characters studied v;hen each of the factors 
varies alone. These were calculated using the correlations 
between varieties. The low partial correlation of -.058 
would indicate that were we to consider varieties, v-hich 
were similiar in size, yield, height and days from flowering 
to maturity, no relationship v;ould be found beUveen oil 
content and iodine number. Johnson (14) reports an analogous 
relation between these characters in flax in which a simple 
negative correlation of -.055 was changed to a positive 
partial correlation of .272. 
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Table £, Relation of iodine number to oil content. 
Source Degrees 
of of Correlation 
variation freedom coefficient 
Total 103 -.391^ * 
Between 
years 3 -.259 
Betv^ een 
varieties 19 -.717^  ^
Remainder 79 .172 
H^igiily significant. 
The relation of oil content and iodine number to 
size of seed, as measured by weight per 1000 kernels, is 
given in table 3. A highly significant positive correlation 
betvreen oil content and size of seed is indicated both for 
varieties and for years. In the case of iodine number only 
the negative correlation for varieties is significant. Since 
size of seed varies more with variety than with season as 
shovm in table 1, this relationship may indicate that iodine 
niomber is more affected by variety than by environment, 
while oil content is dependent on season as v/ell as variety. 
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The partial correlation of the fourth order 
between oil content and size of seed, as shown in table 6 is 
.259. This would indicate that by choosing varieties of the 
same iodine number, yield, height and days from flowering to 
maturity no significant relationship exists between oil con­
tent and seed size. Many investigators (1,5,8,11,14] dealing 
with varieties or market types, have noted that in practically 
all cases an increase in oil content accompanied an increase 
in the size of the seed. 
Table 3. Relation of seed size to oil content and iodine 
number. 
Source 
of 
variation 
Degrees 
of 
freedom 
Oil content 
Correlation 
coefficient 
Iodine number 
Correlation 
coefficient 
Total 103 .742 3ac - .445 XX 
Between 
years .963^  - .074 
Between 
varieties 19 .856^  - .782 XX 
Remainder 79 .135 .079 
XX 
Highly significant. 
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Tiie question of early maturity is one of tlie most 
important problems of crop improvement in Canada. Notes 
were taken on botii the nTomber of days to maturity and the 
length of the period from full bloom to maturity. From the 
data presented in table 4 both days to maturity and days 
from flowering to maturity are negatively correlated with 
iodine nximber. Oil content, however, appears more closely 
associated with the length of the seed forming period than 
with the full length of the growing period. This agrees 
v/ith data presented by Johnson (14). The correlations for 
'between years' in the case of both days to maturity and 
days from flowering to maturity are highly significant vfith 
oil content but not vath iodine number. This would indicate 
that seasons in which the ripening period is extended have 
a very favorable effect on the oil content but do not 
appreciably affect iodine nxamber. Iodine niimber is adverse­
ly affected, however, by varieties which are slow in maturity. 
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Table 4. Relation of maturity to oil content and iodine 
number. 
DAYS TO IvLA-TUHITY 
Source 
of 
variation 
Degrees 
of 
freedom 
Oil content 
Correlation 
coefficient 
Iodine number 
Correlation 
coefficient 
Total 103 .659^  ^ - .485^  ^
Between 
years .918^  - .548 
Between 
varieties 19 .251 - .622 
Remainder 79 .042 - .078 
DAYS FROM FL07SEIKG TO MATURITY 
Correlation 
coefficient 
Correlation 
coefficient 
Total 102 .757^  ^ - .422 
Between 
years 5 .958^  ^ - .334 
Between 
varieties 19 ,8743CX - .730XX 
Remainder 79 .130 - .076 
XX 
HigtLly significant. 
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Tiie varieties investigated were grown in a repli­
cated yield test each season. No relationship is indicated 
between the yield per acre and oil content either 'between 
varieties' or 'between years'. A negative relationship of 
-.430 appears betv;een iodine number and yield for varieties. 
As the 5% point is .4£5 this association is not convincingly 
significant. 
Table 5. Relation between height of plant in inches to oil 
content and iodine number. 
Source 
of 
variation 
Degrees 
of 
freedom 
Oil content 
Correlation 
coefficient 
Iodine number 
Correlation 
coefficient 
Total 105 -.393^  ^ .377 
Betv/een 
years 3 .237 .563 
Betv;een 
varieties 19 -.567XX .495^  
Remainder 79 -.267^  -.246^  
X 
Significant. 
XX 
Highly significant. 
The tv;enty-one varieties under investigation 
included several short-strav.-ed Argentine types and a few 
long-strav.-ed fibre tyx-es. The relation of length of strav; 
to oil content and iodine number is sho»vn in table 5. A 
positive association is indicated between height and iodine 
nioinber but this is not highlj'- significant. A more signifi­
cant relationship is that between tall varieties and low 
oil content. Among the varieties which have been studied 
there appears to be no significant interaction between 
varieties and years except in the instance of height. This 
may indicate that in seasons in v.hich the height of the 
plant is affected by adverse conditions the oil content and 
iodine number are not affected in the same manner among the 
different varieties. 
Table 6. Partial and multiple correlation coefficients for 
variety means showing relation between iodine 
number, oil content and other characters. 
Oil content (0) r 0 I. 
wyfh 
Iodine nmber (I) r 0 TV. 
iyfh 
Weight per 
thousand (W) r I vV. 
oyfh 
Yield (Y) r I W. 
yfh 
Days flowering 
to maturity (F) 
Height (H) 
-.068 R 0.,. .892?^  ^(iwyfh) 
.259 HI., ,825^  (owyfh) 
-.494 R I., .824^  ^(wyfh) 
-.527 
XX 
Highly significant. 
Multiple correlations of the percentage of oil 
content and iodine number with the other varieties, indicate 
the extent to v/hich the total effect of these variables has 
influenced either of these characters. The multiple corre­
lation of .892 of oil content rith the other variables is 
highly significant and would indicate that these variables 
are of value in predicting oil content. The multiple corre­
lation of iodine nximber -v^ -ith oil content and the other 
variables is .825 and vvithout oil content this correlation is 
.824. It v/ill be noted that oil content is not particularly 
valuable in predicting iodine number. Both correlations are, 
however, highly significant. 
Inheritance Studies 
Quality and quantity of oil. 
The parents used in this study shov; considerable 
differences -.vith regard to iodine niomber. The Buda parent 
is reniarkably uniform in quality, the iodine nximber 
averaging 196.4 + .32. The quality of Ottav.-a 770B is not 
quite so high, covering a wider range with an average of 
189.3 ± .44. The lov» iodine number of the Cy^ jrus parent 
ranging from 152.5 to 157.0, averaging 158.9 ± ,74 is 
considerably below that found in previous seasons from the 
varietal survey. It has been shown by Bushey, Puhr and 
Hume (2) that iodine nximber decreases as flaxseed approaches 
maturity. All three parents v.-ere grovv-n under identical 
environmental conditions, and the seed was hand-picked to 
eliminate immature shrunken kernels. Since the Cs^ prus 
variety matures very slowly and usually contains a rather 
high percentage of immature kernels this may account for the 
difference betv;een the hand-picked samples and the survey 
samples, which were chosen at random. The lower iodine 
number from the' hand-picked sasiple should be a truer index 
of the inherent quality of this variety. 
Reciprocal crosses of Cyprus, v;ith lov; quality, 
and Ottawa 770B, a medium-high quality variety, gave a 
progeny v.itii the iodine nximber ranging betv/een the parents. 
It will be noted from table 7 that these reciprocal crosses 
cover a similar range of "variability with very few of the 
progeny as high as Ottawa 770B or as low as the higher plants 
of the Cyprus parent. The distribution in this cross shov;s 
a slight negative bias.or skewness tov;ard that of the high 
quality parent, the value of g^  ^ being -0.447 + .288. Since 
this is not significant it cannot be interpreted as a partial 
dominance of high quality. 
In the hybrid 33-217, in which Ottav.-a 770B with 
medium high quality is crossed by Buda v;ith high quality, the 
 ^progeny again show much greater variability than the 
parents. Some are as high in quality as the best of the 
Buda parent while others are lower than the poorest among the 
lines of the Ottawa 7703 parent. The distribution approaches 
that of a normal curve in this case with a value of g2_ of 
0.180 ± .312. Although a similar result might be obtained 
from envirorjnental effects only, this hybrid was grovra on a 
very small area and all lines may be expected to have been 
exposed to similar conditions. The distribution with indica­
tions of transgressive segregation v/ould suggest that quality 
in this cross is governed by several factors. 
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?;«quency 6i-trivU>ion of iodiae msbcr for ^>Arents aac 7; linc». 
rfcTwit, or cro&a 
ClftAi^ es for iQglnr mober Vo. ruats 132.5 133.0 137.5 16C.0 162.5 165.0 1S7.5 170.0 172.5 17S.Q 177.5 180.0 132.3 183.0 187.3 190.0 192.3 19i.O 197.3 C.7. 
Cypr.u 2S 4 6 0 
0:t»«% 77^8 25 SluU 34 
Z>Sli 0tt.77CB Z CTynis ZS 
7 6 10 
10 5 7 
1.41 2.15 
2.1G 1.14 
1.16 0.70 
5.52 •2.92 
X Ott.77CS 54 
;i-217 Cxt.T?® X Bud* 58 
« S 4 5 5 4 5.92 J.22 
C 9 12 9 12 4 6 4.42 
I I 
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Arny, as reported by Dillman (5), has explained 
the inheritance of quality in linseed oil on the "basis of a 
single factor v.'ith low quality dominant. The data presented 
here indicate that several factors maybe involved -with no 
evidence of dominance. 
The oil content of these varieties did not differ 
as much as that of iodine number. The Cjrprus parent averaged 
42.5 ± .09 percent of oil and the Ottav;a 770B parent 41.5± 
.09 percent. The oil content of the reciprocal hybrids 
averaged 41.2 ± .14 and 41.9 ± .11 percent respectively. 
'^ Vhile the variation in the hybrids is not appreciably greater 
than that of the parents there is a possibility that segrega­
tion of factors for quantity of oil may have taken place. 
Flower and seed type. 
The character of the flower and seed of these 
parents differed very greatly. The flower of Ottav/a 770B 
is pure white with narrow involute petals, anthers yellow 
with white filaments, and the style yellow at the base with 
a v;hite stigma. The seeds are a greenish yellow. The 
flower of Cyprus is blue v/ith a broad somev/hat flattened 
petal, anthers blue v/ith light blue filaments, and the 
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stigM light blue to mauve -with a hlue style. The seeds 
sure "broTOi. 
The ^2 from crossing these two varieties had a 
"blue, "broad, flattened petal, with blue anthers and light 
blue filsunents. The stigma was light blue with blue 
style. The seed was brown like Cyprus. The segregation 
observed in the P2 generations was as follows 
Flower and seed type Frequencies Deviation S»S. 
C5bserved Expected 
33-215 Blue, Cyprus type 35 3"^ 0*3^ 2»90 
Hhite, Ottawa 770B tjrpe 10 11 
33-216 Blue, Cyprus type 62 59 O.71 3*82 
White, Ottawa 770B type 16 19 
The deviations in this cross and its reciprocal 
are so small as to be well within the error expected on the 
basis of a major factor differentiating these two types. 
Twenty-one selections with white flower were grown in the 
generation and bred true for the Ottawa 770B type. Forty-
eight selections from among the blue flowered types were 
grown, seventeen of which bred true for blue and thirty-one 
segregated as in the F2 generation. 
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The Buda variety niras also crossed with Ottawa 770B» 
Buda has small* blue, tubular to funnel-form flowers, anthers 
"blue -arith light "blue filsiments, and style deep blue with 
mauve to purple stigma. The seeds are brown. The genera­
tion was similar in these respects to Buda. The F2 generation ; 
segregated as follows:-
Plower and seed type Frequencies Deviation S.B. 
Observed Sheeted 
33-217 Blue - Buda type 259 2^ 2 0.88 7.93 
Ihite - Ottawa 770B type 77 84 
33-218 Blue - Bxida type 86 85^5 0.10 4^62 
¥hit€ - Ottawa 770B type 28 28.5 1 
j j 
i 
The deviations in this cross are again well within i 
the error to be expected on the basis of a monohybrid segre­
gation. Thirty-nine 5^ selections with white flower bred 
true for flower type. Fifty-six selections with blue flower 
were grown also, of which eighteen bred true for blue and 
thirty-eight segregated as in the P2 generation. 
A deficiency of white progeny in the P2 generation 
when crossing a white-crimped petal variety with blue flax 
iias been reported by Tames (21) and llyers {18). Tarames has 
attributed this deficiency to a semi-letbal effect of one of 
the basic factors for petal colour. It has also been demon­
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strated "by Eiappert (l5) that a white-crimped-petal type may 
give a deficiency when crossed with certain "blue types not 
not with others. He attri"btites the deficiency to the blue 
type used in some of these crosses. In the F2 of the crosses 
reported here it will be noted that though the recessive 
class is smaller in each case than the expected frequency* 
yet it is still well within the deviation expected on the 
basis of random saimling. 
Tery close observations were made on both the F2 
and P3 generations in order to ascertain, if possible, 
whether the flower type was breaking up. It was expected 
that blue types might appear with crimped petal or yellow 
seed, or white types with colour in the floral parts, or 
brown seed. Yellow anthers and yellow seeds were always 
found associated with the white flowered segregates while 
no blue flowered segregates had the crimped petal. These 
results may be explained by assuming a basal factor for 
colour which controls the colour in the petal, anther, fila­
ment, style and stigma and also the colour of the seed as 
well as whether the petal may be crimped or flat. This 
situation has atlso been reported by Byers (18) in using 
Ottawa 77OB in crosses with Redwing. 
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Colour of oil» 
The Ottawa 770S variety was used in tlais project 
since it conibined high quality with yellow seed. The 
proTalem had already Tieen started "before it was Icnown that 
this variety silso yielded an oil of very low carotene 
pigraent content. The average of the lines tested from the 
1935 crop was 11.6 ± Z»6 parts per million of carotene 
pigment while the Buda parent averaged 17»9 ± 1*6 p.p.m. 
Slight variations in the depth of colour of the 
yellow seeds were noticed among the lines selected frcan 
the hybrids hut these differences were not so apparent 
among the "brown types. During the pressing of these 
sair5>les with the Carver press, distinct differences were 
noticed in the colour of the cold pressed oil. A num"ber of 
samples were then analyzed for carotene pigment "by the 
method already descri"bed. samples differing "by 5 parts per 
million in carotene pigment yielded a cold pressed oil which 
showed differences in colour discerni"ble to the nalced eye. 
Colour of seed in flax has been shown "by Tanmies 
(21) to be due wholly or partly to the cotyledon showing 
through an entirely colourless seed coat, the darker colours 
being due to pigment in the seed-coat. Having very distinct 
differences in the intensity of the yellow in the cotyledons 
it was not surprising to find that in the analysis of the 
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hytrid lines, wide differences in pigment content as 
measured by carotene pigment in paxts per million were 
shown. Selections among the yellow seeded tjrpes from 
the cross Buda X Ottawa 7703 varied from 17.6 p.p.m. 
to 35*9 with an average of 24-,3 ± 1,00* The 
brown seeded types vsiried over almost as wide a range 
as the yellow types. While only small numbers of the 
progeny were studied in this manner the segregation 
obtained indicates that this character is inherited sind 
is probably dependent on several factors for its e3q)ress-
ion, 
seed siae. 
Weight per thousand kernels was talsen on the 
parental lines and hybrids grown in the field in 1935* 
Frequency distributions of these data are presented in 
table 8 and summarized in table 9* It will be noted 
that Buda is the most uniform parent in regard to seed 
size. Wliile the reciprocal progenies from crossing the 
two varieties Cyprus and Ottawa 770B show greater varia­
bility than Buda crossed with Ottawa 77<® or Cyprus, 
they do not differ appreciably in their means and standard 
deviations and have been combined in table 8« 
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No lines in the progeny of the Cyprus crosses 
have as large a seed as the smallest of the Cyprus parent. 
In crosses using Ottawa 770B as the larger parent, three 
hybrid lines v;ere as large as the smallest lines of this 
variety. Considerable numbers of plants in each progeny 
are \vithin the range of the smaller parent. Since the 
number of plants in these groups is comparatively small it 
cannot be concluded that transgressive segregation has taken 
place. 
Table 9. Mean and variation in weight per thousand 
kernels in grams of parents and hybrid lines. 
No. of 
lines 
Mean v;eight 
in grams S.E 
Buda 25 4.09 ± .020 
Ottav;a 770B 50 5.99 ± .037 
Cyprus 53 9.22 .048 
33-215 
0tt.770B X Cyprus 35 7.04 + .091 
23-215 
Cyprus Z\ 0tt.770B 32 7.02 ± .100 
33-217 
Buda X 0tt.770B 58 4.55 ± .042 
'z 'z ._nn. 
Buda X Cjrprus 54 6.34 ± .067 
The average of the means of the two parents 
Cyprus and Ottawa 770B is 7.65 grams. The mean of the 
hybrid progeny is lower than the average of the means of 
the parents. A comparison of the means of the hybrids, is 
shown in table 9, v;ith the average of the means of the parents. 
The greater variability of the progeny compared v-ith the 
parents indicates that segregation for size factors has taken 
place, which may be due to several factors. 
The distribution curves for the progenies them­
selves, when plotted on an arithmetic basis, approach very 
closely those of a normal curve. The g statistic for the 
hybrid Buda X Ottawa 770B is .290 ± .312. The distributions 
for the hybrids of Cyprus X Ottawa 770B and Cyprus X Buda 
both show a negative skevaiess of -.117 ± ,288 and -.184 ± 
.315 respectively. That these distributions do not depart 
significantly from normal may suggest an environmental rather 
than a hereditary influence. However, both parents and 
progeny v,rere grown in a small area and subjected to the same 
conditions. 
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"iVlien plotted logaritiimically the departure from normal is 
greater in each hybrid so that we cannot consider a 
geoDie-cric action of these genes. 'Vhile the small mimber 
of lines in each class makes it difficult to draw any 
definite conclusions on this character, these data do not 
follow those of Myers (18). In a cross of Ottav.-a 770B 
Vv'ith Eedv;ing he has reported evidence of a partial dominance 
of large seed. 
Height of -plant. 
The Cyprus variety is short-strawed resembling 
those commonly classed as Argentine tj-pes. In studying 
the cross v;ith Ottawa 770B, a medixm tall variety, length 
of strav; was measured in the laboratory. In a comparison 
of height of the plants with the mean height of their 
progenies a correlation of .354 was obtained with the 
5 percent level at .250. This would indicate that this 
character is inherited. The distribution of the 5*3 lines 
with their parents grown in the season of 1935 with the 
mean and standard deviation is given in table 10. The 
variability of the hybrids is considerably greater than that 
of the parents showing that segregation has taken place. 
The fact that many plants are in lower classes than the par­
ents and also that- the mean is lower than that of the shorter 
parent would suggest a dominance of short strawed plants. 
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Thls is especially true when we consider that many of 
segregates are still in the heterozygous condition and 
might still be expected to shovv hybrid vigor. 
Table 10. Distribution of height of plant in inches of 
parents and lines. 
Class 
Classes 
No. 
Lines 12 
for height : 
13 14 15 16 
in inches 
17 18 19 20 21 22 23 24 
« 
25 
i 
i 
1 
26 1 
j 
Buda 50 2 
! 
18 ' 
Cyprus 50 1 3 12 17 12 1 4 
Ottawa 770B 50 1 2 2 9 9 14 10 
33-215 
Ott.7703 X Cyprus 35 1 13 6 4 8 3 3 1 2 2 1 
i j 
33-215 
Cy-prus Z 0tt.770B 34 13 1 5 4 9 5 o w 1 2 1 
33-217 
0tt.770B Z Buda 58 2 3 5 14 9 a 
33-218 
Buda Z 0tt.770B 35 2 1 5 2 i 

; of plant in inches of 
leight in inches 
L 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 Mean S.E. 
t _ 
2 18 18 10 2 26.84 ± .17 
1 5 12 17 12 1 4 19.10 ± .19 
1 2 2 9 9  1 4  1 0  2 1  2 4 . 5 8  ±  . 2 0  
S 6 4 8 3 3 1 2 2 1 17.06 ± .45 
1 3 1 5 4 9 5 2 1 2 1  1 8 . 7 3  ±  . 4 1  
2 3 5 14 9 8 5 2 4 4 2 24.17 ± .38 
2 1 5 2 5 7 7 4 2  2 7 . 5 1  ±  . 2 8  

Association of Characters 
Relation of oil quality to oil content. 
The tendency of varieties producing large 
Quantities of oil to produce a poor quality of oil has 
already been shown. Studies of partial correlations 
seem to indicate that these characters may be inherited 
independently. Although the oil content of the parents 
used in this study did not differ to a very v;ide extent 
there is evidence of segregation of this character. The 
correlation of oil content and iodine number within the 
different lines of the Cyi^ rus parent was -.328; of the 
Ottawa 770B parent .334; and of the Buda parent .314; 
with the 5 percent level at .444, 1396 and .368 respec­
tively. This agrees v;ith Encakov (6) who found no 
association of these characters among the different 
lines v.lthin a variety. 
Correlation betv.'een oil content and iodine 
n\imber in the hybrids v;as .163 and .141. In this in­
stance a correlation of .325 or higher is required to 
shov7 significance. This relationship vjould indicate 
that the iodine number has been inherited independently 
of the percentage of oil in the seed. Cole et al (3) 
found with the soybean that selection for quality did 
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not tend to depress the Quantity of oil present. 
Colour of seed to quantity and quality of oil. 
From the generation the nature of the selections 
in the ?£ were determined, i.e., v:hether they v.-ere true breed­
ing brov;n or yellow or were heterozygous for colour of seed. 
The iodine number of these lines is sxammarized in the follov;-
ing table 11. 
Table 11. Iodine number of yellow seeded lines compared 
v;ith brown and heterozygous lines in the Fs 
generation of 7703 Z Cyprus and 770B X Buda. 
No. of 
lines Mean 
Seed Colour studied Iodine No. S.E. t .value p = .05 
33-E15 
770B X Cjrprus 
Yellow 10 183.7 ± 1.74 
Heterozygous 15 177.8 ± 1.50 8 .26 2 .069 
Brown 10 178.2 ± 1.05 5 .11 2 .101 
33-216 
CyT)rus X 770B 
Yellow 11 182.3 ± 1.28 
Heterozygous 16 174.9 ± 1.17 10 .895 2 .060 
Brovm 7 177.9 ± 3.07 2 .915 2 .120 
33-217 
770B X Buda 
Yellow £7 1S4.2 ± .54 
Heterozygous 21 187.5 ± .62 32 .293 1 .960 
Brown 10 188.4 ± .78 16 .516 1 .960 
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Yariability of tlie iodine nximber in the cross 770B 
X Cyprus has already been discussed. In this case no signifi­
cant difference in the mean iodine number appears in the 
different classes of the reciprocal hybrids. The significance 
of the difference between the yello^v, the heterozygous and the i 
brown classes is shown for each group. In comparison with the ; 
P value of .05 it v/ill be seen that in the cross 770B 2 Buda 
especially these differences in the means are significant. 
The tendency for a higher mean iodine number to be associated 
in each cross with yellow seed is shown. 
Colour of oil to quantity and quality of oil. 
Erom a practical standpoint, high quality oil low in :• 
pigment content would be highly desirable. The F3 lines which 'i 
were studied for pigment content showed a correlation of -.735 
between iodine number and oil content where only .443 Is. 
required to be highly significant. However, neither the ! 
quality of the oil, as measured by iodine number, nor the oil 
content of the seed appears to be associated in any way with 
pigment content. The correlation between carotene pigment 
measured in parts per million and oil content in percent was 
-.£04 while that ^ vlth iodine number was .035. Both relation­
ships are below the 5 percent point for significance. 
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Coleinan and Fellows (4) likewise haTe reported no 
relationship between depth of colour of the seed and oil 
content. 
Size of seed to quantity and quality of oil. 
several investigators (l, 4, 13) have pointed out 
atn association "between seed size suid percentage of oil» even 
to emphasize the importance of seed size as an aid in the 
selection of hybrids from crosses of large and small seeded 
parents. It has also Iseen shown in a survey of varieties of 
flax grown in Canada that large seeded varieties tend to he 
higher in oil content. Ermakov (6) however, has "been unable 
to show a similar association when large and small seeded 
types within the same variety are analyzed. In this study 
the oil content and iodine number have been considered from 
lines of the parent and hybrid grown under the same 
environmental conditions. As shown in table 12, the 
relationship in the case of Buda and Cyprus is negative, 
whereas that for Ottawa 770B is positive. The hybrids also 
show no tendency for size of seed to be related to oil con­
tent or iodine number. The lack of association between 
these variables suggests independent inheritance which should 
facilitate the possible combination of these desirable 
characters. 
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Table 12. Relation of size of seed to oil content and 
iodine number. Oil content in percent (o), 
iodine number (i), weight per thousand 
Icernels (m) • 
IfflO Xjai 5^ level 
Buda -.29 -.35 .39 
Cyprus -.19 -.27 .44 
Ottawa 77OB .15 .19 .39 
33-215 
•l6 Ottawa 770B X Cyprus • 04 .35 
33-216 
.16 Cyprus X Ottawa 770B -.19 .35 
Size of seed as measured by weight per thoussoad 
kernels has been shown to be inherited and may depend on 
several factors. The mean sizes of different classes of 
seed colour are shown in table 13» The heterozygous lines 
appear to have larger seed with less variability within the 
classes. The difference suggests the possibility that the 
class heterozygous for colour is also more heterozygous for 
size factors and that the effect of heterosis is still 
evident. There appears to he no association "between colour 
of seed and size of seed. 
Table 13. Comparison of size of seed of different classes 
based on colour of Y'z lines of Ottav;a 7703 X 
Cyprus and Ottawa 775b 1 Buda. 
No. of Mean Wt.per 
Seed colour lines M. in grams S.S. 
33-215 
Ottawa 770B X Cyprus 
Yellov/ 10 6.66 ± .145 
Heterozygous 15 7.24 + .113 
BroTftTi 10 6.93 + .212 
33-216 
Cjrprus X Ottawa 770B 
Yellow 11 6.96 ± .194 
Heterozygous 16 7.14 ± .149 
Brown 7 6.93 j-o. .220 
33-217 
Ottawa 770B X Buda 
Yellow 28 4.61 ± .067 
Heterozygous 21 4.52 + .067 
Brown 10 4.50 ± .150 
Eeigiit of plant to quantity and quality of oil. 
In studying the relation of height of plant among 
the varieties grov.Ta at Ottav;a, it v;as found that oil content 
is negatively, vrhile iodine number is positively associated 
with height. An interaction between years and varieties 
might be interpreted as indicating that factors affecting the 
height of the plant do not have a proportional effect among 
the varieties. The segregation of factors for height has 
already been indicated. In the reciprocal cross of Cyprus X 
Ottawa 770B correlations of -.£93 and .001 have been obtained 
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between height and iodine nuiaber. In the cross Buda X 
Ottawa 77OB the correlation is -.34-7* Since a correla­
tion of *3^9 or higher is required to show significsmce ^ 
no relationship "between height of plant and iodine number 
is indicated in these crosses. 
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DISCUSSIOII 
The purpose of this project is to study the relation 
of quality and quantity of oil to other plant characters in 
flaxseed and to determine their mode of inheritance. An 
analysis of variance of twenty-one varieties, and selections, 
grown for a five year period indicates that oil content ani 
iodine number are influenced to a considerable extent by 
season as well as variety. 
The fact that drying quality, as measured by the 
iodine number, is inherited independently of the percentage 
of oil in the seed is very important from a breeding stand­
point. A highly significant positive correlation for high 
quality and quantity would greatly facilitate selection fa? 
this combination. The results from a survey of the varieties 
now being grown are in agreement with those of Johnson (14) 
in indicating that this correlation is not significant. 
Added information is obtained from the hybrid progenies of 
Cyprus with Ottawa 770B. Segregation has been shown to have 
taken place for both oil content and iodine number. However, 
no association of these characters from a study of either 
the parent lines or those of the hybrid has been indicated. 
Iodine nimber appears to be affected by several 
factors v.-it'n no suggestion of dominance of high or low 
quality. This does not agree with the data of Amy, as 
presented by Dillman (5), -A^ ho found that lov/ iodine ntunber 
appeared to be dominant, and in backcrosses v:ith parents 
of medim or high iodine number, a ratio of approximately 1:1 
was obtained. The Bison variety, used by Arny as the parent 
of lov: iodine niimber, is considerably higher than the Cyprus 
variety used in this cross with Ottav/a 7703 and may account 
for this difference. 
It has been stated by previous investigators 
(5,14) that in breeding flax for seed production, it is 
important to select strains v,dth medium large seeds in 
order to obtain a satisfactory yield of oil. In studying 
the hybrids of Cyprus X Ottav;a 770E no significant relation­
ships were obtained between either oil content or iodine 
number and size of seed. It v:ould seem, therefore, in any 
program for improvement in flax for seed production that 
the quantity and quality of oil be determined by analysis 
from the second or third hybrid generations. The refracto-
metric method as used has been found very practical for 
determinations of quantity and quality of oil in a study of 
this nature. 
-56-
Although we need no longer consider large seed 
size to "be associated with higher percentage of oil, there 
are other agronomic advantages in large seeded varieties. 
The distribution of seed size is of interest here, since 
it does not appear to follow that descriTsed lay Kyers (18), 
"sho also used Ottawa 770B as one of the parental types. 
Kyers* data suggest a partial dominance of larger seed, 
whereas, in the distributions shown here, in only one 
instance in three, has the large parental size been re­
gained. A dominance of small size wculd be in accordance 
with recent theory of Pisher (9) that tiie wild species was 
evolved by the accumulation of dominant genes. Vavilov 
(23) has suggested that the wiH type of our common flax 
is the species known as linum angustifolium in which the 
seed averages I.50 grams per thousand kernels. Yavilov 
(24) believes that domestication is the result of selection 
of recessive genes. 
The varieties in the survey included long and short-
strawed types. Oil content was shown to be associated with 
short-strawed types while high quality was associated with 
taller vairieties. In the progeny of the short strawed, 
Cyprus crossed with the taller Ottawa 770B and Buda, the 
action of several factors was indicated with trsmsgressive 
segregation. ITo significsmt association appeared between 
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height of plant and oil content or iodine number stmong the 
progeny of these crosses. 
The few varieties of yellow seeded flax grown 
heretofore in Canada, have heen observed to be very high in 
q.uality of their oil. Data from the segregation of these 
two characters in crosses of the yellow seeded parent Ottawa 
77OB with the brown seeded Cyprus and Buda parents indicate 
a very definite association of high iodine number with the 
yellow seeded segregates. Recently Dillman (>5) has published 
data of Arny which also show an apparent linkage of yellow 
seed with high or medium iodine number. In a study of flower 
and seed type it has been shown both here and in other 
investigations (21, 18) that the inheritance of the white 
petal, involute flower type, with greenish yellow seed can 
be e3^1ained by the action of a basal factor or a group of 
factors completely linked. The morphological effects of this 
factor or group of factors might now be extended to include 
the physiological effect of quality in the composition of the 
oil. 
The. production of a yellcw seeded type of flax would 
appear to be advantageous for several reasons, but particu­
larly because colour of linseed oil seems to be of importance 
to both the linseed crusher and the paint manufacturer. It 
also appears that the oil from some types of flaxseed, because 
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of its "bleaciiing or other qualities, is more suitalDle for the 
meuaufacture of lightly pigmented paints and enamels. Paint 
manufacturers are very much interested in the variation in 
colour of different shipments. Morrel and ¥ood (17) point out 
that it is most difficult to oh tain a "bright pale oil that 
will giye satisfaction in drying properties. Sometimes one 
of these properties is sacrificed at the expense of the other. 
The specifications (17) for a refined linseed oil is a colour 
not darker than 0,1 gm. potassium chromate dissolved in 100 
grams of sulphuric acid of a specific gravity of 1.84. 
Yellow seeded varieties appear generally to "be 
considerably "below the "brown seeded varieties in carotene 
pigment measured in parts per million. In studying this 
character in a preliminary manner with the cross of Ottawa 
7703 X Buda there are indications that the carotene pigment 
content shows a transgressive segregation. The colour of the 
oil was not correlated with either oil content or iodine 
num"ber. The fact that yellow seeded segregates were o"btained 
with very high pigment content would indicate that it may also 
"be independent of colour of seed. Humhers of this progeny 
studied were not sufficient to "base any definite conclusions 
"but do suggest that this character might provide very in-
teresting information for further investigation. 
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SimLA3Y 
1. T^aenty-one varieties ot flax were investigated over a 
five-year period. Analysis of variance and covariance 
v;as used to determine the relation of quantity and 
quality of oil to seed size as measured by v:eight per 
thousand kernels, days to maturity, days fros- flowering 
to maturity and height of plant. In addition, hybrids 
of Cyprus X Ottav:a 770B and Buda X Cttav;a 770B were 
studied to determine the genetic basis for the inheri­
tance of quality of oil, flov:er type, colour of seed, 
colour of oil, seed size and height of plant. 
2. The refractometric method for determination of the 
quantity and quality of oil v;as compared vdth the other 
extraction method for oil content and the Wijs method 
for iodine number and found to be very practical. 
3. High oil content, from correlation studies vdth these 
varieties,is associated with a long period from blossom­
ing to maturity. 
4. Quality of oil is inherited independently of oil content 
and appears to be dependent on several factors. 
5. ?lov/er and seed type have been explained on the basis of 
a single factor, the Ottav;a 770B tjrpe with v:hite, narrov.', 
involute petal and greenish-yellow seed being inherited 
as a simple recessive. 
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5. An association of high iodine number v;ith the factor for 
yellov;* seed colour is indicated in both these hybrids. 
7. In the varieties studied seed size was positively 
correlated v;ith oil content and negatively correlated 
with iodine number. Partial correlations between size 
of seed and oil content or iodine number were not 
significant wherx other characters vrere held constant. 
8. Seed size is dependent on several genetic factors. 
9. No significant association of seed size with oil content 
or quality v/as found among these hybrids. 
10. In the survey of varieties oil content is negatively 
and iodine number positively correlated v.-ith height of 
plant. 
11. Height of plant appeared to depend on several genetic 
factors and shov/ed transgressive segregation. No 
significant relationship of quantity or quality of oil 
and height of plant existed in the hybrids. 
12. Colour of oil was studied by measurement of the caro-
tenoid pigment. Although insufficient data v-ere 
collected to have definite conclusions, evidence was 
obtained indicating the inheritance of this character. 
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ITo relationship was suggested between carotene 
pigment content and the quantity and quality of 
the oil or colour of the seed. 
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APPEKDIX 
Tal3le 1* 
Data on flax varieties grown at the Central Experimental Parm for the year - 1929< 
Ve'lgiiT" 
Oil 
content 
Iodine 
numlDer 
per Yield 
1000 per 
kernels acre 
gms. bus. 
4.0 16.3 
4.8 15.1 
4.1 12.4 
7.4 15.2 
4.3 10.6 
4.3 15.1 
4.3 15.0 
5.7 14.6 
17.6 
8.9 16.6 
4.8 17.0 
4.6 16.4 
4.1 16.6 
4.7 16.4 
.^5 15.0 
7.8 19.3 
7.9 21.9 
7.6 16.8 
7.2 19.8 
7.8 16.2 
6.0 15.9 
Days flowering Length 
to to of 
maturity maturity straw 
ins. 
95.0 39.0 22.0 
103.0 47.0 23.0 
100.0 46.0 24.0 
101.0 51.0 21.0 
102.5 45.0 31.0 
100.0 43.0 24.0 
100.0 44.0 25.0 
93.0 37.0 23.0 
101.0 47.0 22.0 
106.0 52.0 23.0 
101.0 48.0 22.0 
105.5 47.0 22.0 
94.0 38.0 21.5 
96.0 40.0 22.0 
100.5 44.0 22.0 
110.0 54.0 17.0 
108.5 54.0 18.0 
105.0 51.0 20.0 
108.5 53.0 19.0 
109.5 54.0 21.0 
109.0 49.0 21.5 
percent 
Buda 39.8 
Chippewa 38.9 
Damask 39.4 
Diadem 42.3 
J.W.S. 40.8 
Linota 39.6 
N.D.R. 52 39.5 
N.D.R. 114 38.9 
Novelty 43.3 
Palermo 43.0 
Redwing 41.1 
Siberian 42.4 
Slope 40.2 
Slope 585 40.8 
Winona 40.1 
8b 42.2 
8c 45.1 
9B 43.8 
12c 44.0 
12C42 42.6 
Ottawa 77OB 42.1 
183-5 
180.5 
187.5 
176.8 
184.8 
187.3 
186.5 
181.1 
178.2 
177.6 
162.6 
185.4 
184.1 
184.4 
186.6 
180.6 
184.5 
179.4 
179.7 
176.6 
188.9 
6s 
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Tat>le 2 
Data on flax varieties grown at the Central Experimental Farm for the year - 1931* 
Oil 
content 
Iodine 
numlser 
l^ eTglit 
per 
1000 
kernels 
Yield 
per 
aore 
Days 
to 
matur i ty 
Days from 
flowering 
to 
maturity 
Length 
of 
straw 
Buda 
Chippewa 
Damaslc 
Diadem 
J.W.S. 
Linota 
N.D.B. 52 
ir.D.R. 114 
Novelty 
Palermo 
Redwing 
Siberian 
Slope 
Slope 5^5 
Winona 
8b 
8o 
9B 
12C 
12C42 
Ottawa 77OB 
percent 
38.5 
3^3 
38.2 
41,0 
39.8 
41.0 
37.9 
39.7 
41.6 
42.6 
40.6 
40.1 
40.0 
39.3 
38.2 
42.1 
42.8 
41.2 
41.6 
40.3 
40.7 
181.4 
169.7 
179.1 
170.0 
184.4 
188.5 
171.9 
175.6 
169»2 
176.8 
175.3 
174.8 
182. 
175 
158.6 
165.0 
166.1 
170.0 
163.4 
179.0 
i  
gms. 
4.3 
4.8 
3.8 
6.4 
4.4 
4.6 
4.0 
4.2 
4.6 
7.0 
4.2 
4.4 
4.2 
4.7 
4.6 
7.3 
7.4 
6.8 
7.0 
7.0 
5.9 
bus. 
ao.9 
17.1 
12.a 
9 .3  
12.1 
15.4 
1^8 
16.7 
17.9 
18.4 
21.0 
19.6 
20.3 
19.5 
19.7 
14.4 
18.4 
17.3 
17.8 
105.0 
108.7 
97.7 
84.0 
100.0 
101.0 
Hi 
93.2 
100.8 
103.5 
105.2 
103.2 
103.2 
104.8 
112.8 
112.8 
110.5 
111.2 
113.8 
105.2 
43.2 
40.0 
35.7 
40.0 
42.7 
44.7 
37.2 
37.2 
41.2 
43.0 
42.3 
42.2 
41.0 
42.0 
42.8 
42.1 
42.8 
52.3 
53.0 
55.6 
42.2 
ins. 
19.0 
20.2 
21.5 
17.0 
26.0 
21.0 
21.2 
21.5 
22.2 
21.0 
21.0 
21.5 
20.5 
21.2 
20.5 
17.2 
l8»0 
19.0 
17.8 
18.8 
20.0 
Tat>le 3 
Data on flax varieties grown at the Central Experimental Farm for the year - 193^* 
Oil 
content 
percent 
Buda 38.8 
Chippewa 39.9 
Damask 39.1 
Diadem 42.0 
J • YT. S. 40.2 
Llnota 39.1 
N.D.R. 52 39.6 
N.D.R. 114 39.6 
Hovelty 43.4 
Palermo 42.2 
Redwing 40.5 
Siberian 41.0 
Slope 38.9 
Slope 585 40.3 
Winona 39.5 
8b 45.4 
8c 45.4 
9B 44.3 
12c ^^ 5.7 
12C42 43.2 
Ottawa 77ob 42.2 
Iodine 
number 
Weight 
per 
1000 
kernels 
Yield 
per 
aore 
Days 
to 
maturity 
Days from 
flowering 
to 
maturity 
Length 
of 
straw 
18|.9 
176.5 
189.4 
183.3 
181.0 
186.0 
190.6 
183.5 
175.0 
176.9 
167.0 
184.0 
187.0 
182.7 
184.9 
178.3 
180.9 
179.5 
180.0 
176.8 
189.4 
gms. 
4.3 
5.5 
4.4 
6.8 
4.8 
4.8 
5.0 
6.3 
7.0 
5.2 
.^9 
5.0 
5.2 
8o4 
8.0 
7.3 
7.4 
4.8 
bus. 
22.2 
19.9 
15.8 
15.7 
14.3 
21.9 
23.3 
21.4 
25.5 
20.3 
21.6 
19.9 
21.0 
18.2 
20.3 
21.9 
19.1 
22.5 
18.1 
22.1 
18.3 
ins. 
103.7 45.2 22.5 
103.7 43.0 23.5 
103.0 43.2 25.0 
100.0 42.0 20.0 
102.7 42.2 29.7 
103-5 44.7 24.5 
104.5 44.5 24.2 
101.5 4-3.7 24.2 
107.7 46.2 24.0 
107.0 51.5 23.5 
101.7 45.0 24.0 
103.0 42.7 23.7 
102.5 44.2 22.7 
103.0 45.2 24.0 
104.2 4-3.7 23.5 
118.0 63.5 18.2 
118.0 63.5 18.2 
112.0 57.5 19.2 
117.5 63.0 18.5 
117.5 63.0 19.5 
117.0 52.0 22.2 
Table 4» 
Data on flax varieties grown at the Central Experimental Farm for the year - 1933< 
Weight Days' 'f'rora 
Oil 
content 
Iodine 
number 
per Yield Days flowering Length 
1000 per to to of 
kernels acre maturity maturity straw 
gma. bus. ins. 
4.4 19.4 83.2 35.0 20.5 
4.6 22.4 84.2 36.0 22.7 
4.0 16.1 85.7 34.3 24.7 
6.6 24.1 89.5 42.0 19.0 
4.2 17.6 33.7 29.7 
4.2 83.0 35.5 23.0 
4.2 18.6 37.0 22.0 
4.2 18.8 86.7 32.0 22.7 
5.4 18.3 88.5 40.0 21.0 
6.2 20.0 92.0 43.7 22.0 
4.6 19.5 83.7 37.2 20.7 
4.2 21.2 84.0 35.2 20.7 
4.e 17.1 83.7 37.0 20.0 
4.6 17.6 84.0 37.0 21.0 
4.4 21.4 86.0 39.0 22.0 
26.6 93.5 44.7 19.2 
6.8 22.1 92.2 44.5 20.0 
6.6 20.4 93.0 43 o2 20.5 
7*9 23.7 90.7 44.0 19.0 6.8 17 o7 97.2 48.0 20.5 
5.6 15.9 94.2 37.5 23.7 
percent 
Buda 38.6 
Chippewa 38.1 
Damask 37.2 
Diadom 47.8 
J.¥.S. 38.8 
Linota 37.4 
N.D*R. 52 
N.D.R. 114 38.8 
Novelty 42.2 
Palermo 40.2 
Redwing 39.8 
Siberian 40.2 
Slope 38.7 
Slope 585 37.5 
Winona 37.8 
8B 43.0 
80 42.0 
9B 40.1 
120 41.6 
12C42 40.6 
Ottawa 77OB 40.3 
193.7 
165.7 
154.2 
183.5 
184.2 
192.4 
190.3 
186.0 
185.0 
189.0 
18-4.2 
196.2 
192.5 
lg3.6 
18^ !^  
184.2 
188.7 
179.6 
195.4 
Tatle 5* 
Data on flax varieties grown at the Central Experimental Farm for the year - 1934* 
Buda 
Chippewa 
Damask 
Diadem 
J.W.S» 
Linota 
N.D.R, 52 
N.D.R. 114 
Novelty 
Palermo 
Redwing 
. Si'berian 
Slope 
Slope 58? 
Winona 
dB 
80 
9B 
12c 
12042 
Ottawa 77OB 
Oil 
content 
percent 
34.8 
37.8 
39.9 
39.3 
40.2 
36.2 
37.7 
38.8 
38.7 
38.3 
40.2 
36.7 
38.8 
37.0 
42.1 
41.6 
39.9 
41.9 
40.7 
40.6 
Iodine 
number 
Weight 
per 
1000 
kernels 
Yield 
per 
aore 
Days 
to 
maturity 
Days from 
flowering 
to 
maturity 
186.5 
182.9 
187.4 
184.9 
184.0 
184*6 
184.0 
183.3 
189.1 
183.3 
193.2 
183.7 
187.2 
175.9 
180.6 
176.8 
177.7 
185.8 
gms. 
3.6 
4.4 
4.0 
5o8 
4.0 
4.0 
4.4 
5.4 
5.4 
6.4 
4.6 
4.0 
4.4 
4.4 
4.4 
6.4 
6.4 
5.8 
5.6 
6 . 6  
5.2 
bus. 
8.1 
6.7 
4.0 
9.2 
P 8.0  
5.8 
4.5 
7.4 
8.7 
7.9 
.1 
9I2 
8.9 
8.9 
8.4 
6.2 
I 
77.0 27.5 
79.2 
85.5 
30.7 
26.2 
79.5 35.5 
77.2 29.0 
§2.5 30.5 
80.2 33.7 
7?.2 28.0 
83.7 33.0 
84.5 35»7 
76.8 29.7 
80.2 29.7 
76.0 27.5 
75.8 27.2 
78.0 29.5 
87.5 36.0 
87.2 38.0 
35.0 
86.0 34.0 
86.0 36.5 
88.7 36.0 
Length 
of 
straw 
ins. 
22.2 
22.5 
24.5 
20.5 
27.? 
23.5 
23.5 
23.2 
22.5 
21.7 
22.5 
22.2 
21.5 
23.3 
23.0 
19.0 
20.2 
20.0 
18.7 
19.5 
23,2 
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YITA 
William Grant KcGregor, iDom April ^th, 1900 in 
Brtice County, Ontario, is the eldest son of Richard 
McGregor and Kary Jane Hill of Tiverton, Ontario, Canada. 
Elementary education "began in the rural school. The 
Department of Education High School Entrance examination 
•was taken in 191^ and during the next three yeaxs he 
attended the Kincardine High school, Mncardine, cmtario. 
The Departmental examination for entrance to Uormal School 
and Junior matriculation were taken in 1917* After three 
years spent on the fana he entered the Ontario Agricultural 
College in 1920, and specialized in agronomy. The degree 
of Bachelor of Science in Agriculture was granted "by the 
University of Toronto in 1924-, The following three years 
were spent at the Cereal Division, Central Ex3)erimental 
Jarm as graduate assistant in plant Tareeding. In 1927 he 
entered the University of Minnesota taking mag or work in 
genetics and plant breeding with Dr. H.E. Hayes and a minor 
in plant pathology with Dr. E.G. Stakman. The degree of 
Master of Science was granted in 19^ 9• In the fall of 1928 
he entered the Ima. State College following major work in 
genetics under Dr. E»¥. Lindstrom and minor work in plant 
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pathology and general "botany. In January 1930 he accepted 
the appointment of cerealist in charge of flax investiga­
tions with the Cereal Division of the Experimental Farms 
Branch of the Dominion Department of Agricultiire, Ottawa, 
Canada* 
